This paper presents the design, fabrication and evaluation of a micro methanol reformer complete with a heat source. The micro system consists of the steam reforming reactor of methanol, the catalytic decomposition reactor of hydrogen peroxide, and a heat exchanger between the two reactors. In the present study, catalytic decomposition of hydrogen peroxide is used as a process to supply heat to the reforming reactor. The fabrication process integrated with the catalyst loading process is developed. The performance of the methanol steam reforming system was measured at various test conditions and the optimum operation condition was sought.
INTRODUCTION
Recently, polymer electrolyte membrane fuel cell (PEMFC) has been renowned as a primary candidate to substitute existing batteries in mobile applications [1] . A major constraint in the successful development of micro scale PEMFC has been the difficulties and hazards involved in the storage and handling of hydrogen that is the fuel for this fuel cell [2] . A fuel reformer that can extract gaseous hydrogen from a hydrocarbon fuel is an essential subsystem for PEMFC. Due to the high storage density, liquid fuels are most attractive for mobile applications; methanol is considered to be a primary candidate [3] . There are a number of fuel reforming techniques available, such as steam reforming, partial oxidation and autothermal reforming [4] . Of all considered techniques, the steam reforming, expressed in the chemical equation (1) , provides the highest attainable hydrogen concentration in the reformate gas. This reaction takes place at relatively low temperature in the range of 200-300 ˚C [3] . Consequently, the CO emission is relatively small, which can be eliminated by preferential oxidation (PROX) [4] .
The steam reforming of methanol is endothermic reaction and requires continuous heat supply to the reactor. As a typical heating element of MEMS-based methanol reformer, a micro electric heater is the simplest method to heat up the reformer because its heat control is relatively easy and system integration with fabrication process using MEMS technologies are also simple. However, the crucial drawback of the electric heater is low thermal efficiency, so it has been used for a start-up heater. As another heating element, catalytic combustion has been attractive due to its high thermal efficiency. However, non-uniform distribution of temperature and hot spot formation in front of the combustor is still problematic. In the present study, catalytic decomposition of hydrogen peroxide, expressed in the chemical equation (2), is used as a process to supply heat to the reforming reactor
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reaction is highly exothermic enough to sustain the steam reforming of methanol and is high active and selective under various metal catalysts such as Fe, Cu, Ni, Cr, Pt, Pd, Ir, Mn and so on. The decomposition process of hydrogen peroxide produces water vapor that can be recycled in the steam reforming of methanol and oxygen that can be used in preferential oxidation of CO and supplement the oxygen from ambient air at the cathode of the fuel cell stack. The present concept renders the system far more compact than the existing reformer/combustor model because hydrogen peroxide is stored and used in condensed phase and oxygen enrichment enhances the system efficiency. This paper presents the design, fabrication and evaluation of a micro methanol reformer complete with a hydrogen peroxide heat source. Respective catalysts were prepared that loaded into porous ceramic support for methanol steam reforming and hydrogen peroxide decomposition. The integrated reforming system was fabricated that consists of the steam reforming reactor of methanol, the catalytic decomposition reactor of hydrogen peroxide, and a heat exchanger between the two reactors. The integrated performance was measured at various test conditions and optimum condition was sought.
CATALYST
Cu/ZnO was selected as a catalyst for methanol steam reforming, considering its proven reactivity and selectivity [5] . In this catalyst, Cu 0 provides the catalytic activity, while ZnO stabilizes the Cu surface area [5] . Pt was chosen as a catalyst for the decomposition process of hydrogen peroxide. Incipient wetness method was used to load both catalysts on a porous support that increases catalytic area. As a catalyst support, we used the porous ceramic material (ISOLITE ® ). This catalyst structure can enhance the heat and mass transport between the catalyst active site and the reactants. Figure 2 depicts the system construction. The mixture of methanol and water enters at upper reforming reactor, converted into hydrogen and carbon dioxide under the Cu/ZnO catalyst. The hydrogen peroxide 
DESIGN

FABRICATION
The reactor structure was made of five glass wafers; two for top and bottom, one for reforming reactor unit, one for hydrogen peroxide decomposition reactor unit and the remaining for heat exchanger inbetween. The catalyst loaded supports were inserted in the cavity made on the glass wafer as in Fig. 3 . A photosensitive glass wafer (FORTURN ® ) was used for the substrate of the reactor unit. The wafer material is adequate as a material of microreactor because it has properties unique to glass such as transparency, hardness and chemical resistance and it is possible to achieve very fine structures with tight tolerances and high aspect ratio [5] . Fabrication process for individual glass wafer included; exposure to UV light under a mask at the intensity of 2 J/cm 2 , heat treatment at 585 ˚C for 1 h to crystallize the part of the glass that was exposed to UV [5] . The exposed part was etched in the 10% HF solution to result in the desired shape. The membrane thickness of heat exchanger was determined by control of etching time. The exposed part of the glass was removed during this process at a rate of 1 mm per hour. The fabrication process integrated with the catalyst loading process is illustrated in Fig. 3 . Figure 4 shows the fabricated glass wafers and the complete reforming system obtained by fusion-bonding the fabricated glass layers. The bonding process involved pressing the layers together with pressure of 1000 N/m 2 in the furnace whose temperature was maintained at 500 ˚C [5] . Figure 5 represents the result of simultaneous operation of the methanol steam reformer and the hydrogen peroxide decomposition reactor. The reformer was heated up to 250 ˚C under the decomposition reactor with a space velocity of 9.48 mol/g-h and then a mixture of methanol and water was supplied to the reformer ( figure 5 (A) ). The space velocity of methanol was 0.68 mol/g-h. The temperature increased continuously though the steam reforming of methanol was started, it means an excessive hydrogen peroxide was supplied. So the flow rate of hydrogen peroxide was reduced to the space velocity of 6.32 mol/g-h after the operation lasted 5 min ( figure 5 (B) ). From 8 min, the steady reforming reaction was achieved with the conversion over 91.2% and then the temperature of the reformer and the decomposition reactor was 253 and 278 ˚C, respectively. Figure 6 shows the hydrogen selectivity and the thermal efficiency of the system as a function of reformer temperature. The hydrogen selectivity increased with the thermal efficiency as the reformer temperature increased. At the temperature higher than 250 ˚C, however, the hydrogen selectivity decreased with the temperature because the production of the carbon monoxide increased. Table 4 listed the optimum condition and the performance of integrated reforming system. At the optimum condition, the hydrogen selectivity was 86.4% and the thermal efficiency of the system was 44.8%. The product gas included 73.9% H 2 , 24.7% CO 2 and 1.4% CO and the total volume production rate was 23.5 ml/min. The amount of hydrogen can produce 1.5 W of power on a typical PEM fuel cell which is high enough to power typical cellular phones.
INTEGRATED PERFORMANCE
CONCLUSION
The concept of hydrogen peroxide utilization as a heat source of methanol steam reformer was proposed and realized, which enhances the system efficiency. By the design improvement of the system with the results, more compact, efficient and useful MEMS-based reformer system is almost in hand. 
